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http://dx.doi.org/10.1016/j.pedneo.2
1875-9572/Copyright ª 2014, TaiwanBackground: Pneumothorax is more frequent in the neonatal period, especially among pre-
mature infants. Pigtail catheters have been shown to be as effective as and less invasive
than traditional chest tubes in adults; however, data regarding premature infants are
limited. We aimed to compare the efficacy, safety, and complications associated with the
placement of traditional chest tubes versus pigtail catheters in premature infants with pneu-
mothoraces.
Methods: We retrospectively reviewed the medical records of premature infants with pneu-
mothorax seen in the neonatal intensive care unit of a single medical center over a period of
11 years, who were treated with either traditional chest tubes or pigtail catheters. Changes
in the vital signs before and after the procedures were recorded in both groups. Data on age,
sex, clinical presentation, procedure time, subsequent therapies, hospital days to discharge,
success rate, and complications of the procedures were collected from medical records and
compared between the two methods of intervention.
Results: Eighty-six thoracostomies, including 60 pigtail catheters and 26 traditional chest
tubes, were performed in 66 premature infants. The success rate, demographics, days of
tube insertion, length of hospital stay, days of mechanical ventilation, type of oxygen sup-
ply, and insertion-related complications were not significantly different between the two
groups. Pigtail catheter insertion required a shorter procedure time than the traditional
chest tube insertion (14.92 minutes vs. 25.31 minutes, respectively, p < 0.001).
Conclusion: Pigtail catheters are a safe and effective alternative to traditional chest tubes
for premature infants receiving treatment for pneumothoraces in a neonatal intensive caret of Neonatology, Changhua Christian Hospital, Number 135, Nanshiao Street, Changhua City 500,
(C.-C. Hsiao).
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Pigtail catheters versus chest tubes for pneumothoraces 377unit. Placement of pigtail catheters is an easy and quick bedside procedure and is particu-
larly useful for premature infants who require immediate air drainage.
Copyright ª 2014, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Pneumothorax is a life-threatening condition that occurs
most commonly during the newborn period. Although the
reported incidence in term infants with normal lungs is low
(1e2%),1,2 it is much higher in preterm infants (6.3%).1
Fuhrman et al3,4 first described the use of percutaneous
pigtail catheters in place of traditional large-bore tubes for
thoracostomy and pleural drainage.5,6 A smaller force is
required to insert a pigtail catheter via the Seldinger
technique, as it avoids the use of the force required for the
insertion of a conventional chest tube using a trocar and
dissection.3e5,7,8 Pigtail catheters have been used in
neonatal care and especially in neonatal intensive care
units; however, their use for the management of pneumo-
thorax in premature infants has not been directly compared
with the use of conventional chest tubes. The purpose of
this study was to compare the efficacy, safety, and com-
plications associated with the placement of traditional
chest tubes versus pigtail catheters in premature infants
with pneumothoraces.
2. Methods
2.1. Study population
Premature infants admitted to the neonatal intensive care
unit of our pediatric department from September 2001 to
June 2012 were included in this study. Charts were identi-
fied using the International Classification of Diseasesdninth
revision and billing codes for thoracostomy. Infants
requiring chest drain insertion for indications other than
pneumothorax (i.e., intraoperative collection, hemo-
thorax, chylothorax, and pleural effusion) were excluded.
In addition, infants with a gestational age of greater than
37 weeks were also excluded. In accordance with the
routine procedure in the neonatal intensive unit, parents
were informed about the chest tube insertion as soon as
possible. However, as this was usually an emergency pro-
cedure, written informed consent was not routinely sought.
The decision regarding the type of chest drain to be
inserted was dependent on the attending consultant
neonatologist and the level of training of the staff member
placing the drain in the case of pigtail catheter insertion.
Senior pediatric residents and neonatology fellows who
received training in the insertion of both types of chest
drains were assessed by a certified neonatal staff member
in our clinical skill training center. All procedures were
performed following the standard operating procedure
guideline for either pigtail catheter insertion or chest tube
insertion. Before each procedure, the doctor and assistant
nurses must take a “time out” (stop and pause). At thisstage, the doctor in charge and associate nurses would
confirm the name of the patient, the subsequent proce-
dure, and any anticipated critical events. Following the
standard operating procedure guideline, the procedure
time would be recorded by associate nurses from the
initiation of the “time out” to the completion of the pro-
cedure. Patients’ vital signs and any medical conditions
would be recorded both at the beginning and at the end of
the procedure. The recording process would also take place
every 5 minutes throughout the entire procedure. Chest
drain insertion was considered successful if the pneumo-
thorax was treated without recurrence or additional surgi-
cal interventions.
In those receiving chest tube thoracostomy (straight
tubes, 7-12F; Sherwood Medical, St. Louis, MO, USA), the
skin was dissected after the application of local anesthesia
(2% lidocaine, 1e3 mL). A trocar-needleetube combination
set was inserted vertically into the chest cage to an
assumed depth, according to the standard procedure. The
tube was then sutured and fixed on the skin, and then
connected to chest drainage units using a water seal. Po-
sition of the catheter was confirmed radiologically.
In those receiving pigtail catheter thoracostomy (soft,
curled, and multihole catheters of 6-12F; Skater Single Step
Pigtail with needle and locking, PBN Medicals, Stenlose,
Denmark), the modified Seldinger technique was used. The
patients received local anesthesia (2% lidocaine, 1e3 mL)
prior to insertion. An introducer needle was then inserted
through the fourth or fifth intercostal space in the mid-
axillary line until air was obtained. A soft-tipped J wire was
then advanced through the needle, after which the needle
was removed and a dilator was placed over the wire. The
catheter was placed over the wire and advanced, and then
connected to chest drainage units using a water seal. The
position of the catheter was confirmed radiologically.
Patient records were examined for the following char-
acteristics: (1) patient demographics, including sex, mode
of delivery, gestation age, birth weight, birth height, birth
head circumference, Apgar score, hospital days, underlying
pulmonary diseases, and surfactant usage; (2) details of
chest drain insertion, including type and size of the drain,
position of the chest tube, needle aspiration before chest
drain insertion, and procedure time; (3) treatment
outcome between the pigtail catheter group and the chest
tube group in terms of complete removal of the chest
drains, hospital days, success rate, recurrence rate, mor-
tality rate, and complications such as hemothorax, subcu-
taneous emphysema, local infection, organ laceration,
surgical intervention, and tube dislodgement/dysfunction;
(4) mode of oxygen use such as conventional ventilation,
high-frequency ventilation, nasal continuous positive
airway pressure, and oxygen cannula; and (5) vital signs,
including heart rate, respiration rate, oxygen saturation by
Table 2 Details of chest drains.
Chest tube
group
Pigtail
catheter
group
p*
Chest drain numbers 26 60
6 F tube size 2 (7.70) 39 (65) <0.001
8 F tube size 16 (62.54) 21 (35.0) <0.001
10 F tube size 8 (30.80) 0 (0) <0.001
Location (R:L/bilateral) 10:16/0 19:40/1 0.74
Needle tapping 14 (53.84) 31 (51.67) 0.853
Procedure time (min) 25.31  9.60 14.92  7.61 <0.001
Data are presented as n (%) or mean  SD.
*The p-values were derived from Chi-square test or Fisher’s
exact test, as appropriate for the sample size.
L Z left side; R Z right side.
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before and 1 hour after tube insertion.
2.2. Statistical analysis
Nominal data were analyzed using Chi-square test or
Fisher’s exact test as appropriate for the sample size.
Continuous variables were presented as mean  standard
deviation and compared using Student t test. All statistical
analyses were performed on a personal computer using
SPSS statistical software for Windows (version 15.0; SPSS
Inc., Chicago, IL, USA), and p < 0.05 was considered sta-
tistically significant to reject the null hypothesis.
3. Results
A total of 168 infants met the inclusion criteria; 57 of them
required thoracostomy for reasons other than pneumo-
thorax (hemothorax, parapneumonic effusion, empyema,
and chylothorax). Another 45 patients were excluded
because their gestational age was greater than 37 weeks. A
total of 86 chest thoracostomies were performed; these
included 60 pigtail catheters and 26 traditional chest tubes,
which were placed in the 66 eligible premature infants
(Table 1). The gestational age at birth ranged from 22 þ 6/7
weeks to 36 þ 6/7 weeks (mean  standard deviation:
30.05  3.57 weeks in the chest tube group vs. 28.52  3.83
weeks in the pigtail group). The birth weight ranged from
521 g to 3280 g (1474.46  722.98 g in the chest tube group
vs. 1223.35  766.36 g in the pigtail group). In this study,
demographic data of the premature neonates, including
type of delivery, sex, weeks of gestation at birth, birth
height, birth weight, head circumference, Apgar scores,
and inpatient days, did not differ significantly between the
two groups. Underlying pulmonary diseases and severity on
admission were also similar in both groups (Table 1).Table 1 Demographic data of premature neonates requiring ch
Variables Chest tube group
Chest drain numbers 26
Patient no. 20
Type of delivery, CS/NSD 12/8
Sex, no. (male/female) 13/7
Gestation (wk) 30.05  3.57
Birth weight (g) 1474.46  722.98
Birth height (cm) 36.79  6.37
Head circumference (cm) 26.68  3.58
Apgar score at 1 min 4.42  2.19
Apgar score at 5 min 6.61  1.67
Hospital days (d) 74.38  48.26
MAS 4 (20.00)
TTN 0 (0%)
Pneumonia 12 (60.00)
RDS 12 (60.00)
Surfactant use 10 (50.00)
Data are presented as n (%) or mean  SD unless otherwise stated.
*The p values were derived from chi-square test or Fisher’s exact tes
CS Z cesarean section; MAS Z meconium aspiration syndrome; NSD
drome; SD Z standard deviation; TTN Z transient tachypnea of newWith regard to the chest drains, smaller-caliber tubes
were used in the pigtail group compared to the chest tube
group. The most common type of tube used in the pigtail
group was a soft, curled, multi-hole 6F catheter (65%),
compared to a straight 8F tube (62.54%) in the chest tube
group. Straight 10F tubes were used in 30.80% of the chest
tube group. The criteria and use of needle tapping was
similar between the groups. The procedure time was sta-
tistically significantly shorter in the pigtail group than that
in the chest tube group (14.92 minutes vs. 25.31 minutes;
p < 0.001; Table 2).
No major complications occurred in our study. Minor
complications observed in the pigtail group included tube
dislodgement and dysfunction in 15 of the 60 (25%) patients
versus four of the 26 (15.38%) patients in the chest tube
group (p Z 0.066). This trend of increased dislodgement
and malfunction observed in the pigtail group may be
explained by the facts that smaller-caliber tubes were usedest drainage.
Pigtail catheter group p*
60
46
30/16 0.856
28/18 0.647
28.52  3.83 0.086
1223.35  766.35 0.16
36.37  5.59 0.761
25.38  3.93 0.152
5.03  2.09 0.225
7.20  1.36 0.092
60.48  46.56 0.212
8 (17.39) 0.193
2 (4.34) >0.99
25 (54.34) 0.613
31 (67.39) 0.764
28 (60.87) 0.379
t, as appropriate for the sample size.
Z normal spontaneous delivery; RDS Z respiratory distress syn-
born.
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catheter exits the chest wall under the external dressing.
Rates of other complications, including recurrence of
pneumothorax, hemothorax, subcutaneous emphysema,
local infection, organ laceration, and mortality rate, were
similar in both groups (Table 3).
The pigtail catheters were in place for an average of 5.70
days, whereas the traditional chest tubes remained for an
average of 6.38 days (p Z 0.419). The total time to the
removal of the chest drains without reappearance of pneu-
mothoraces was approximately 9.7 days in both groups
(pZ 0.983; Table 3). The success rate of drainage was 70% in
the chest tube group and 69.56% in the pigtail group, which
was not significantly different (p Z 0.892). None of the
premature infants required additional surgical interventions
in either group. The average hospital stay was also similar
between the groups (Table 3). The types of oxygen supple-
mentation including mechanical ventilation, nasal contin-
uous positive airway pressure, or oxygen cannula were also
not statistically significant between the groups (Table 3).
Vital signs were monitored before and after tube inser-
tion. In general, improvement was observed in oxygen
saturation, increased heart rate, decreased respiratory
rate, and decreased fractional inspired oxygenation after
the procedures in both groups, and there were no signifi-
cant differences between the groups.
4. Discussion
Neonates have a supple chest wall, close proximity of vital
structures, and frail lung tissue.9e11 They have little
compensatory reserve when they develop a pneumo-
thorax,9 which can therefore develop into a serious situa-
tion. The staff in a neonatal intensive care unit must be
prepared to diagnose and treat air leaks that progress to
pneumothorax in a timely manner to avoid morbidity and
mortality.9e11
Even though international guidelines report better
tolerability and safety of small-bore wire-guided chestTable 3 Comparison of treatment outcomes between the pigta
Variables Chest tube g
Day of complete removal of all drains 9.73  5.96
Hospital days 74.38  48.2
Success rate 14 (70.00)
Recurrence 6 (30.00)
Mortality 4 (20.00)
Hemothorax 0 (0)
Subcutaneous emphysema 0 (0)
Local infection 0 (0)
Organ laceration 0 (0)
Surgical intervention 0 (0)
Tube dislodgement/malfunction 4 (15.38)
ET (d) 38.73  41.2
CPAP (d) 19.19  14.4
Nasal cannula (d) 65.15  46.8
Data are presented as n (%) or mean  SD.
*The p values were derived from chi-square or Fisher’s exact tests, a
CPAP Z continuous positive airway pressure; ET Z endotracheal tubdrains in the treatment of pneumothorax, the effectiveness
of this approach is still under debate for premature infants
in neonatal intensive care units. To the best of our knowl-
edge, this study is the first to compare the use of pigtail
catheters with that of traditional chest tubes for the
drainage of pneumothoraces in premature infants. In our
results, the procedure time for pigtail catheter insertion
was much shorter compared with traditional straight chest
tube drainage (14.91 minutes vs. 25.31 minutes, p < 0.001).
In addition, no significant differences were observed be-
tween the two groups in terms of length of thoracostomy in
situ, length of hospital stay, success rate, complications
from the procedure, and recurrence rate. In addition, vital
signs improved 1 hour post-thoracostomy insertion in both
groups, including reduced fractional inspired oxygen level
and subsequently increased oxygen saturation. As a result,
pigtail catheter insertion using the modified Seldinger
technique appears to be a safe and promising technique in
the treatment of pneumothorax among premature infants.
In the early stages of the study, our attending consultant
neonatologists and pediatric residents performed tradi-
tional straight chest tube insertion as the initial treatment
of all types of pneumothoraces. However, the use of pigtail
catheters gradually increased with successful clinical out-
comes in our neonatal intensive care unit. Therefore, the
number of patients in the traditional chest tube group was
smaller than that of the pigtail group.
Boo and Cheah1 reported that the more premature the
infants, the higher the mortality rate among those with
pneumothorax, with a 75% mortality rate in infants with a
gestational age of less than 24 weeks, 68.6% in those aged
24e27 weeks, 59.7% in those aged 27e29 weeks, 50% in
those aged 30e36 weeks, and 34.4% in term infants.12e19
Abdellatif and Abdellatif15 and Jeng et al16 also reported
the highest incidence of pneumothorax in extremely low
birth weight neonates, with the incidence being highest
(16.73%) in neonates with a gestational age of less than 32
weeks. In the current study, the overall mortality rate
among premature infants was 26.08% in the pigtail groupil catheter and chest tube groups.
roup Pigtail catheter group p*
9.70  6.42 0.983
7 60.48  46.57 0.212
32 (69.56) 0.892
14 (30.43) 0.970
12 (26.08) 0.799
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
15 (25.00) 0.066
4 27.10  32.27 0.210
6 19.00  19.42 0.960
1 52.60  40.62 0.216
s appropriate for the sample size.
e.
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the two groups was not statistically significant (pZ 0.799).
The results of the current study are similar to those of a
study by Wood and Dubik,20 in which no complications, in-
juries, or functional failure was reported. Although no sig-
nificant difference was observed in the rate of tube
dislodgement or dysfunction between the two groups in the
current study, the pigtail catheter group had a slightly higher
rate than the chest tube group (25.00% vs. 15.38%). This may
be explained by the smaller tube size and the rubbery
texture of the soft, curled pigtail catheter used in this study.
Therefore, further prospective and randomized studies with
larger sample sizes are warranted to elucidate this issue.
This study has several limitations, including its retro-
spective nature. In addition, the allocation was non-
randomized, and therefore the results must be interpreted
with caution. The sample size was small, and the population
was very heterogeneous in terms of gestational age and birth
weight. The widespread use of antenatal steroids and post-
natal surfactants, and changes in the ventilation technique
have resulted in a decrease in the number of infants
requiring chest drainage, resulting in a small number of
cases being included in this study. Even though the type of
ventilation or technique varied over the 11-year study
period, the standard level of training for the attending
consultant neonatologists in the neonatal intensive care unit
remained constant. A similar standard operating procedure
was adopted by all senior residents or neonatology fellows to
insert chest tubes or pigtail catheters throughout the period
including in this study. The choice to use either a conven-
tional chest tube or a pigtail catheter was based on the
decision of the attending consultant neonatologist. Finally,
long-term follow-up of the patients was not conducted in
this study, and therefore we were unable to evaluate dif-
ferences in outcomes and long-term complications between
the two types of chest drainage.
In conclusion, to the best of our knowledge, this is the
first study to compare the effectiveness and treatment
outcome between conventional chest tubes and pigtail
catheters in premature infants. A significant association
was observed between pigtail catheters and decreased
procedure time. In addition, pigtail catheters were as
effective and safe in the management of premature pneu-
mothorax as traditional chest tubes. Further prospective,
large-scale, multicenter, randomized, controlled trial
studies are necessary to determine whether one method is
superior to the other.
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